Introduction
Since the first modern light assisted electrolysis of water using a semiconductor electrode was performed by Fujishima and Honda (1) , many materials have been tested which can accomplish this goal (2). Yet none has so far been shown to simultaneously satisfy the obvious requirements of using only visible light, long term stability, operability at near neutral pH's with a practical efficiency and reasonable economies of fabrication.
The p/n photochemical diode cell assembled by Yoneyama et al (3) , whose conceptual similarity to photosynthesis has been noted by Nozik (4b) (Fig. 1) , is an attractive ' vehicle with which to conduct water splitting. For the heterotype p/n cells, in which the semiconductor materials used as the photoanode and photocathode are different, a theoretical efficiency estimate as great as 25% has been calculated (2b). Such cells as have actually been assembled, however, not only do not closely approach this efficiency but also include at least one photoelectrode which absorbs in the ultraviolet, have been shown to function only in concentrated acid or base, and use only expensive single crystal materials (3, 4, 5) .
It is important to demonstrate that working units designed according to the p/n heterodiode concept can actually be made which operate using only visible light, at close to neutral pH (or preferably in abundant seawater), be reasonably stable and simply fabricated. The photoelectrochemical cell developed in our studies fulfills these criteria, and while its efficiency is still not practical, this characteristic is enhanced by "seeding" the semiconductor surfaces with known H 2 and o 2 generating catalysts.
The diode under consideration consists of a polycrystalline layer of n-Fe 2 o 3 oxidized on a thin plate of pure Fe to which has been ohmically attached a thin wafer of Zn-doped p-GaP. Before assembly, each photoelectrode material was separately tested as to its electrochemical behavior before and after the surface catalysts were added. Both of these materials have been characterized by others (6,7). The occurrence of the onset of the photocurrent at ~ 7V more negative than the flatband potential noted by Butler and Ginley (7) for a similar p-GaP material was not observed in our work, perhaps due to the differences in pH (13 vs Electrolytic depositions were performed using .OlM solutions of K 2 [Ru(H 2 0)C1 5 ) (11) and Na 2 [PtC1 4 ] (Alpha), both in .1M Na 2 so 4 , at potentials where H 2 was not observed even at a prolonged passage of current. Ru+ 3 was reduced to Ru at -.35V vs SCE and Pt+Z at -.30 V vs SCE in thicknesses of 5,10 and 15R estimated from the measured current densities (.2 ma cm-2 ) and the brief deposition times (several seconds).
Voltammograms measured immediately after deposition of the Ru showed no increase, and often a slight decrease, in photocurrents compared to those of naked electrodes.
However, after rinsing and drying the treated electrodes, some increases in photocurrents were noted. Since just the measurement of the anodic waves passed more than sufficient Quantum yield measurements were made using the Reinecke salt method (14) . also seen that the photocurrents near the onset potentials are small but the waves overlap in the region -.1 to +.1 V vs SCE, so that a combined short circuited unit wvt•LC be predicted to pass some photocutrent even if with rather poor efficiency. When the two photoelectrodes are combined in the electrochemical cell an interesting cooperative effect is noted. Figure 7 shows that the photocurrent obtained when both electrodes are illuminated is between 2-3 times the sum of the photocurrents measured when each is illuminated separately in the combined cell. Although this effect is produced under same bias, to allow the currents to be easily measured, it suggests that a similar enhancement may occur when no bias is applied, as in the combined monolithic unit.
Results and Discussions
This cooperative effect is somewhat clarified in Figure 8 undisturbed. This mutual enhancement may be understood if the dark counter electrode (p-GaP) is considered to be current limiting, since no majority carriers are being photo produced. Extra bias is then necessary to achieve the same current flow attainable when the p-GaP is illuminated. The light on p-GaP produces both charge carrying ability (hence conductivity) and a photovoltage which complements the bias. Table 2 combines the p/n heterodiode data now available. It is seen that the present configuration compares relatively favorably in yield, considering that two visible light band-gap semiconductors, one of which is made of a polycrystalline material, are used. The use of close to neutral pH electrolytes is perhaps superfluous at the present state of development of these cells, but it seems important to demonstrate that a practical system \vill probably not involve the addition of large quantities of concentrated acids or bases to water to enable photoinduced water splitting.
Conclusion
A pjn heterotype photochemical diode, consisting of polycrystalline n-Fe 2 o 3 and
Zn-doped p-GaP has been shown to split water using visible light with a low quantum efficiency. Surface catalysts of Ruo 2 and Pt, on the anode and cathode respectivelv, can enhance the observed photocurrents, the former only tempo~arily, however. Photoelectrolysis of seawater producing hydrogen has also been accomplished with natural solar radiation using this cell. 
